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ABSTRACT

The thermo-responsive behavior of microemulsion-based gels (MBGs) formed by the triblock copolymer
poly(ethylene oxide)-poly(propyl eneoxide)-poly(ethylene oxide) (F68, PEO,9PPO3;PEO,) in microemulsion
systems composed of isopropyl myristate (IPM)/Span20/Tween20/H,O were characterized by rheological
measurements and fluorescence spectroscopy. The results of rheological measurements indicate that the viscosities
of the gels increase and the gelation temperatures decrease with increasing F68 concentration. As a model drug,
chloramphenicol has little effect on the viscosities and gelation temperatures of the MBG. Moreover,
chloramphenicol is sustainably released from the MBG system. Fluorescence spectroscopy was used to study the
micropolarity of the hydrogel (F68/H,O), microemulsion and MBG systems. The results show that the
microstructures of microemulsion droplets are maintained in MBG after the addition of F68.

Key words: Thermo-responsive, Microemulsion-based gels, Riggmal properties, Block copolymer, Drug
delivery system.

INTRODUCTION

Poly(ethylene oxide)-poly(propylene oxide)-polyfdtne oxide) [PEGPPQ,PEQ] triblock copolymers have been
widely used for controlled drug encapsulation aetivery systems, because of their amphiphilic proge and
interesting temperature-induced micellization amedaion phenomena in aqueous solutions[1-5]. InRheonic
family, the extensively studied member is F68 beeabi68 has a relatively long chain length,£8400) and an
appropriaten/mratio (79/30=2.6)[6-9]. The molecular design of F8&ures both good water solubility through the
high PEO content and a high capacity for hydropbaissociation through the relatively long PPO blotke
unique characteristic of this copolymer is its mseethermal gelation behavior, concentrated saisti@bove 46%)
of the copolymer are fluid at refrigerator temperat (4-5C), but are soft gels at body temperature. With its
relatively low toxicity and ability to form clearets in aqueous media, the use of F68 in humanvetimd cleanser
has also been reported[10], and has been approvételFood and Drug Administration. In additione th68 gel
has been evaluated as an antibiotic carrier in wWaneatment[11]As a drug carrier, the temperature-sensitive
hydrogels have many advantages, but their limiaig obvious. Such as, the solubility of oil sokildrugs in
hydrogels is too low for many pharmaceutical agglans. Compared with hydrogel, microemulsion-bageld can
increase the solubility of oil-soluble drugs, aravé good thermodynamic stability.

In this work, the MBGs which are formed by PluroRi&8 in O/W microemulsion are investigated. Thesotiye of
the present investigation is to expand on the stugreviously published[12,13] in order to studyetail how the
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aggregation behavior of the MBGs is affected bjedént PEO/PPO block ratio.
EXPERIMENTAL SECTION

Materials: Pluronic F68 (average composition, PERPQ\PEG,), Isopropyl myristate (IPM), Tween20
(polyethylene glycol sorbitan monolaurate) and @arfsorbitan monolaurate) were purchased from Sigma
Chemical Co., USA. Chloramphenicol was kindly paad by FREDA BIOCHEM Co. Ltd., China. Water was
purified by deionization followed by double distition.

Sample Preparations:The phase diagram of the microemulsions (ME) wassttacted and the phase transitions
were investigated by electrical conductivity measoents in our previous study[14]. In this papeg /W
microemulsion containing 3.6% Span20(concentratimported here are expressed by percent weight},9d.7
Tween20, 2.3% IPM, and 77.0% water was chosenro the MBG. The B.C. microemulsion containing 4.5%
Span20, 27.0% Tween20, 3.5% IPM, 65.0% water wss @vestigated. Gels were prepared on a weight bas
using the cold method[12]. In MBG systems, the eoiation of F68 was kept in the range from 20.30®%. In
hydrogel systems, the concentration of F68 wasifete42.0%.

Rheological MeasurementsTherheological properties of the gels were studiedgisi HAAKE RS 75 rheometer.
A cone-plate sensor (20 mm diameter, 0.5° angle) weed. The sample thickness in the middle of énse was
0.052 mm. The linear viscoelastic domain was deterthby shear stress sweep tests at a constanetatuge of
37+0.1°C.

In order to accurately determine the gelation tematpees, the storage modulus’)@&as measured as a function of
temperature at afrequency of 1.0 Hz, the tempezabeing increased by 1°C rifinThe transition temperature at
which G shows an abrupt increase with increasing temperatas defined as the gelation temperature[15,16].

Fluorescence Spectroscopy:Fluorescence spectra of pyrene were obtained usin@erkin-Elmer LS-55
spectrofluorometer (PE Company), at an excitatiametength of 335 nm.

Release TestThe experiment method of release test was sameiraprevious study[12]. The concentration of
chloramphenicol was 2.0%.

RESULTS AND DISCUSSION

Rheological Behavior

Dynamic Viscoelastic Properties

Typical results of the Gand G of 22.1% F68 MBG as a function of the stress atfiequency (1.0 Hz) can be seen
in Fig. 1. It is observed that the sample has lingscoelasticity up to about 100 Pa. For subsefjdgnamic
experiments we have chosen the stress value 010 P

Temperature Effect on Viscoelastic Behavior

The sol-gel transition temperatures of the typgaahples are shown in Fig. 2. In F68+W/O microenoulsystems
(curves 1-3), the samples show three distinct regisith increasing temperature. At the beginningisGow but
increases drastically with increasing temperatgra eesult of the gel forming process. The tempeeadt which G
shows an abrupt increase with increasing temperasudefined as the gelation temperature[15,16this region,
the hydrogen bonds between central PPO blocks 8fap@l water are probably destroyed, and the detigdraf
PPO drives the unimers to form micelles. Beyondtthesition region, the micelles are further aggted into gels,
so G becomes independent of the temperature. The vafuege G plateau increase with the polymer concentration,
whereas the gelation temperature decreases. The phenomenon is found in hydrogels formed from K68
agueous solution[17]. Moreover, thé ¥alues of the system based on the B.C. microeonlgurve 4) are almost
constant over the investigated temperature rarigeyiag the common viscoelastic behavior of a liquidwever,
the system which is based on an O/W microemulsimws obvious temperature-sensitivity and has formed
MBG at high temperature. Not only the types of ménulsion are different, but the water contentsthie
formulations are different, 66.2% (curve 2) and98b (curve 4). This suggests that the enough ameatsr is very
important for forming F68 micelles and the micelas formed in the water phase of the microemulsion
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Fig. 1 G and G” of the typical MBG sample of 22.1% F68 as a funath of the applied stress at a constant frequency &fHz at 37.0°C
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Fig. 2 G as a function of temperature at a heating rate of°C/min. a) Curves 1-3: F68 in W/O microemulsion sstems, with F68
concentration: 20.2%, 24.0%, 28.0%, respectively;urve 4: 24.0% F68 in B.C. microemulsion; curve 5: @ chloramphenicol in MBG
and fixed concentration of F68 at 24.0%

Curve 5 shows the effect of chloramphenicol ongélkation temperature. It is observed that the effédrug on the
gelation temperature and strength is minimal, iatiligy that the microstructures and properties ofGdBare still
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retained after the addition of chloramphenicol itite systems.
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Fig. 3 The steady state fluorescence emission spaatf samples at 30°C
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Fig. 4 I1/15 ratios of samples at different temperatures

Fluorescence Spectroscopy

Pyrene solubilization has been used previously tlee determination of the cmc in block copolymer
solutions[12,18,19]. In order to further investigahe microstructures of MBGs and the micropoksitf the F68

in aqueous solution, microemulsion and F68 in ndomalsion, these systems were studied using pyrena a
fluorescent probe. Typical samples are shown in Fidrig. 4 shows the/l; ratios as a function of temperature. For
the 42.0% F68/KD sample, at low temperature, th#; ratio is close to the value obtained from pyrenbulk PPO
3000[18]. This indicates that micelles have beeméml and that pyrene is located in the hydrophobie of the
micelles, therefore, thig/l; ratio should be constant with increasing tempeeatonce the F68 aggregates have been
formed. As temperature increaseglslbegin to decrease, indicating that the microemwvirent around pyrene is
becoming even more nonpolar. The same phenomensrobserved in agueous PEO-PPO-PEO and bulk various
organic solvents studied by Nivaggioli et al[18].rhicroemulsion systems, the ratiosl gf; are lower than in the
F68/H0O system, indicating that pyrene is located in ¢bee of the microemulsion droplets. The polarityaiso
affected by temperature, which causes the ratidg/lgfto decrease slightly with the increase of tempeeatin
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F68/microemulsion systems, at all temperaturessitigated, the ratios df/l; are constant and much closer to that
in the microemulsion system, indicating that theepy is mostly located in the core of the microesion droplets,
and the major structure of the microemulsion iairetd after the addition of F68 into the systems.

Release Test

Fig. 5 shows a release rate gragh for diffusion cbforamphenicol (2.0% concentration) from the O/W
microemulsion and the 24.0% F68 MBG systems. THeramphenicol molecules in the microemulsion show a
initial fast, linear release (about 75% over thisetf6 h) and then slow, but incomplete release. ckth@ramphenicol
molecules in the MBG are sustainably released omere than 24 h. The chloramphenicol is locatedhia t
hydrophilic shells of the microemulsion dropletsfil4]. In this study, the result of fluorescence expentsae
indicate that the structure of the microemulsiomeiined after the formation of MBG, so the drugsistill be
located in the hydrophilic shells of the microenmsdroplets. In both systems, the locations ofdhey molecules
are the same. However, the viscosity of MBG is mhigher than that of the microemulsion, so theuditbn of
drug molecules in the MBG is rather restricted, Hrarelease rate is much lower.
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Fig. 5 Release profiles of chloramphenicol from a reroemulsion and the 24.0% F68 MBG system
CONCLUSION

In this work, thermo-sensitive microemulsion-bagets (MBGs) of Pluronic F68 have been obtainedastudy of
the rheological characteristics has been made. M&@Bsormed in the range of F68 concentration fézitrl to
30.0%, and the sol—gel transition temperature isredsed by increasing F68 concentration. Fluorescen
spectroscopy indicates that the microemulsion 8ires are retained after the formation of the MBGhke
continued existence of microemulsion droplets playsmportant role in enhancing the solubility astdbility of
oil-soluble drugs. The results of controlled rekeagperiments show that MBG shows sustained relegerties.
Moreover, due to its temperature-sensitivity, MBsGsuperior to other drug carriers, e.g. multiplenauistrations
are much easier to achieve at room temperature.
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